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THE  CORROSIVE  PROPERTIES  OF  SULFUR-BEAR?  N’G  CRUDES 

by 

L.D.Zakharochkin  and  S.K.Vol'fson 
(Glpronefteraash) 

Aoadanlelan  I. K. Gubkin,  who  for  a  long  time  headed  all  geological  research  con¬ 
nected  with  the  prospecting,  exploration,  and  development  of  oil  and  gas  fields, 
when  speaking  of  the  problem  of  the  expansion  of  crude  oil  production  in  the  foot¬ 
hills  of  the  Caucasus  and  in  Central  Asia,  always  emphasised  the  importance  and 
timeliness  of  the  problem  of  discovering  new  petroleum  and  gas-bearing  deposits  In 
the  flatlaunds  of  the  USSR. 

The  decision  of  the  Party  to  establish  the  great  oil  base  of  the  Second  Baku  in 
the  region  between  the  Volga  and  the  Urals  initiated  an  extensive  development  of  the 
subsurface  resources  of  the  immense  plains  of  the  USSR.  The  expansion  of  the  pros¬ 
pecting,  exploration,  and  development  of  oil  and  gas  fields  in  the  Ural-Volga 
petroliferous  region  has  led  to  the  great  growth  of  oil  extraction  in  these  regions. 

Host  of  the  crudes  of  the  Ural-Volga  petroliferous  region  are  sul Aur-bearing. 
The  total  sulfur  content  in  the  crudes  of  the  Eastern  oil  fields  of  the  USSR  varies 
ever  a  very  wide  range,  from  0.3  to  4.S  wt.it.  The  sulfur  in  these  crudes  is  mainly 

o 

in  the  form  of  organic  sulfur  compounds,  mercaptans,  sulfides,  disulfides,  poly¬ 
sulfides,  thiophenes  and  other  compounds  (Blbl.l).  These  types  of  sulfur  compounds 
include  numerous  groups  of  sulfur  compounds,  whose  differences  are  due  to  the  alkyl 
groups  bound  to  the  sulfur.  But  we  also  find  crudes  that  contain  hydrogen  sulfide 
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and  elementary  sulfur  together  with  organic  sulfur  compounds. 

In  refining,  th«  sulfur  compounds  in  crudes  end  petroleum  products  undergo 
various  transformations,  as  a  result  of  which  we  have  to  do  in  practice,  not  only 
with  natural  sulfur  compounds  contained  in  the  crudes  but  also  with  the  products  o 
these  transformations. 

M.G. Rudenko  and  V.N. Gromova  (Blbl.2),  while  investigating  the  thermal  stabill 
cf  several  sulfur  compounds,  have  shown  that  the  mercaptans  are  the  most  stable  of 
these  sulfur  compounds.  The  substitution  of  the  hydrogen  in  the  SK  group  by  a  rad 
oal,  i.e.,  the  conversion  of  mercaptans  to  sulfides.  Increased  the  thermal  stabili*- 
of  these  compounds  manyfold.  Sulfides  are  distinguished  by  high  thermal  stability 
regardless  of  boiling  point  and  class.  It  waa  also  found  that  high  thermal  sta¬ 
bility  is  characteristic  of  all  sulfur  compounds  with  sul'Ur  in  the  ring. 

Work  on  the  catalytic  transformations  of  sulfur  compounds  (Bibl.3-5)  has  shov  • 
that  catalysts  act  strongly  both  to  lower  the  temperature  at  which  the  transforms* 
tlons  of  sulfur  compounds  begins  and  to  increase  the  degree  and  depth  of  these 
transformations.  The  sulfur  compounds  here  undergo  various  reactions  (liberation 
hydrogen  sulfide,  hydrogenation,  dehydrogenation,  disproportionation  of  hydrogen). 
Tbs  direction  of  the  reaction  depends  on  the  nature  of  the  sulfur  compounds,  the 
type  of  catalyst,  the  temperature,  etc.  Mutual  transformation  of  the  sulfur  com¬ 
pounds  takes  place  during  catalytic  reactions,  but  ultimately  all  these  processes 
proceed  irreversibly  toward  the  formation  of  hydrocarbons  and  liberation  of  sulfu; 
in  the  form  of  hydrogen  sulfide. 

‘c  Some  sulfur  compounds  contained  in  crudes  (elementary  sulfur,  hydrogen  sulfite 
mercaptans)  and  the  transformation  products  formed  during  refining  by  organic  sul'-- 
oompounda  are  sources  of  intense  corrosion  of  refinery  equipment. 

Many  years  of  USSR  experience  in  refining  sulfur-bearing  crudes  from  various 
oil  fields  of  the  Soviet  Union  have  shown  these  crudes  to  be  of  varying  corrosive 
nativity.  The  ability  to  evaluate  the  corrosive  properties  of  sulfur-bearing  cru " ' 
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and  their  knowledge  is  Important  for  practice,  since  the  equipment  of  refineries 
and  the  cost  of  protecting  it  from  corrosion  is  of  course  riled  by  the  aggressive¬ 
ness  of  the  crudes  being  refined.  Until  recently,  there  was  no  method  In  the  'J3SR 
for  evaluating  the  corrosive  properties  of  sulfur-bearing  crudes.  During  the  first 
stages  of  large-scale  refining  of  sulfur-bearing  crudes,  their  aggressive  properties 
were  attributed  to  the  total  sulfur  content,  but  it  became  obvious  later  that  the 
total  sulfur  content  in  crudes  from  various  oil  fields  could  not  serve  as  a  cri¬ 
terion  of  their  corrosive  properties. 

In  this  ccnnection,  an  accelerated  laboratory  method  of  estimating  the  corro¬ 
sive  properties  of  crudes  was  developed  at  the  State  Institute  for  Petroelua 
Refinery  Equipment.  The  method  makes  it  possible  to  determine  the  direct  indices  of 
the  corrosive  activity  of  crudes  distilled  at  temperatures  up  to  3S0°C  under  at¬ 
mospheric  pressure,  and  to  determine  the  quantity  of  hydrogen  sulfide  liberated 
under  these  conditions.  A  detailed  description  of  this  method  was  presented  In  a 
paper  before  the  Second  Scientific  Session  devoted  to  the  chemistry  of  organic 
sulfur  compounds. 

The  principal  results  of  work  on  the  corrosive  properties  of  sulfur- bearing 
orudes  of  a  number  of  oil  fields  in  the  Kuybyshev  and  Orenburg  Oblasts,  and  of 
Tartary  and  Bashkiria,  are  given  in  the  Table.  The  expert mental  data  have  shown 
that  a  considerable  group  of  specimens  of  sulfur-bearing  crudes  examined,  contain- 
ing  0.28  to  1.99?  of  sulfur  exhibit  low  corrosive  activity  when  subjected  to  at- 
mosphsrlc  distillation  up  to  350°C,  and  approach  the  low- sulfur  crude  of  the  Baku 
region  (Surakhan)  in  their  corrosive  properties.  The  quantity  of  hydrogen  sulfide 
liberated  on  their  distillation  did  not  exceed  250  -  260  mg  per  liter  of  crude,  and 
the' rate  of  corrosion  of  carbon  steel  due  to  these  crudes  did  not  exceed  0.5  mm/year. 

With  increasing  amount  of  hydrogen  sulfids  liberated  on  distillation  an  in¬ 
creased  corrosive  activity  of  the  crudes  is  also  noted.  In  eases  where  the  amount 
of  hydrogen  sulfide  liberated  was  400  -  600  mg/ltr  of  crude,  the  rate  of  corrosion 
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of  carbon  steel  rose  to  0.8  -  1.0  am/yew,  and  at  600  -  1000  mg/ltr  crude  it  reached 
1.7  -  2.3  aw/year . 

The  crudes  examined  also  included  sulfur-bearir.g  specifiers  with  very  high  cor¬ 
rosive  activity,  which  yielded  1600  to  9500  mg  of  H^S  per  liter  of  crude  on  distil¬ 
lation,  and  showed  a  rate  of  carbon  steel  corrosion  amounting  to  2.5  -  6.8  mn/year. 

The  experimental  data  show  that  an  extensive  group  of  crudes  from  the  Jral- 
Volga  petroliferous  region,  which  are  usually  grouped  iogether  under  the  common 
designation  of  "sulfur-bearing  crudes"  do  in  fact  include  crudes  with  sharply  dif¬ 
fering  corrosive  properties.  As  the  petroleum  Industry  developed  in  the  regions  be¬ 
tween  the  Volga  and  the  ‘Jrals,  the  variety  of  the  crudes  has  Increased  year  by  year. 
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Besides  the  highly  aggressive  crudes  of  Ishiabay,  Syzran,  Kinel',  Stavropol* 
and  Buguruslan,  which  were  the  principal  crudes  refined  between  1936  and  1944,  new 


I 

WI/-579A 


oil  fields  have  been  discovered  end  put  Into  production  during  the  la3t  13-12  yea 
yielding  crudes  differing  sharply  In  their  total  sulfur  content  and  in  their  corr 
slve  properties.  Farther  than  that,  not  only  new  oil  and  gas-bearing  areas  were 
developed,  but  also  new  productive  strata.  For  instance,  such  a  new  stratum  whic 
yielded  crude  soon  after  the  war  and  opened  up  a  new  stage  in  the  development  of 
oil  production  in  the  regions  between  the  Volga  and  the  Ural  were  the  Devonian  de 
posits.  Devonian  oil  was  discovered  in  Western  Bashkiria  on  the  Samara  Luke,  r.ea 
Saratov,  in  Tartary,  and  in  other  areas  of  the  Ural -Volga  region.  The  sulfur  con' 
tent  in  the  crudes  from  the  Devonian  horisons  does  not  exceed  1.5  -  1.6/C,  and  in  i 
number  of  cases  it  is  as  low  as  0.8  -  l.Oi.  The  Devonian  crudes  contain  sulfur  c< 
pounds  of  higher  thermal  stability,  and  are  unaggresaive  when  distilled  up  to  350* 

Considerable  quantities  of  crudes  being  produced  today  are  from  the  Carbonlft 
ous  deposits,  with  low  sulfur  and  only  slight  corrosive  activity.  Such  Carbonlfei 
ous  crudes  Include  those  from  Mykhany,  Mikhaylov,  and  Pokrovsk. 

The  figure  shows  data  characterising  the  pattern  of  growth  of  the  production 
both  highly  aggressive  and  weakly  aggressive  crudes  in  the  Ural-Volga  region.  Thi 
highly  aggrecslv*  crudes  include  those  from  Staro-lshimbay,  Vvedenovsk,  Starokazai 
Tuymasy  Carboniferous  suite,  Shugura,  the  crudes  produced  by  the  Kinel'neft'  Trust 
(Zol'ny,  Strel'ny,  Tablony  Gorge,  Carboniferous  suite),  the  crudes  of  the  old  arei 
of  the  Sysran  region,  the  crudes  produced  by  the  Psrvomaysk-Chemovsk  Trust,  the 
crudes  from  the  iUdaysvak  Consolidated  Oilfields,  and  the  crudes  produced  by  the  “ 

*  .*  .  C  •  •  °  .  •  '  e  •  °  •  !  “  ■  ‘  ■ 

Buguruslanneft*  Combine. 

The  low-corrosion  crudes  Include  those  from  Bashkiria,  Tatary,  and  Kqybyshev 
Oblast,  some  crudes  from  Carboni ferous  deposits,  with  relatively  low  sulfur,  exhit 
lng  only  slight  corrosive  properties,  and  the  crudes  from  Saratov  and  Stalingrad 
Oblasts.  - 

The  data  in  the  figure  show  that  in  1940  the  crudes  produced  in  the  Ural-Volg 
region  consisted  mostly  of  high- sulfur  and  highly  aggressive  crudes  (92.2<).  Late 
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baginning  in  1/44  *  1/45,  the  contribution  of  the  highly  aggressive  crudes  to  the 
total  oil  production  in  these  regions  fell  sharply,  in  1945  it  was  76.62,  in  1950 
20./$,  in  1955  9.0?.  Allowing  for  the  prospective  development  of  the  individual 


Contribution  of  Low-Aggressive  and  High-Aggressive 
Crudes  to  Crude  Oil  Production  in  the  Ural-Volga 
Petroliferous  Region) 

1  -  Low-aggressive |  2  -  High-aggressive 

a)  Tear}  b)  Plan 


oil-bearing  regions,  it  is  calculated  that  in  1960  the  contribution  of  the  highly 
aggressive  crudes  will  be  about  6.5?-. 

The  changes  that  have  taken  place  in  the  pattern  of  the  properties  of  the 

.  c  o  o  C  c  . 

crudes  produced  in  the  'Jral-Volga  region  (we  swan  the  corrosive,  aggressive  proper¬ 
ties  of  the  crudes)  advance  the  problen  of  organising  the  rational  and  separate  col¬ 
lection,  storage,  transportation,  and  refining  of  a  wide  range  of  sulfur-bearing 
etudes.  Ue  are  very  clear  about  the  fact  that  these  questions  oust  be  solved  not  £ 
only  with  respect  to  the  corrosive  properties  of  the  crudes,  but  also  with  respect 
to  the  other  physical  and  ahead c&l  properties  of  the  crudes,  the  directions  of  the 
refining  process,  the  geography  of  oil-field  and  refinery  location,  allowing  for  the 
existing  naans  of  transportation,  etc. 
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In  spite  of  the  difficulties  in  the  way  of  organizing  e  rational  and  separi 
collection  and  refining  of  the  eastern  crudes,  we  must  still  recognize  the  ixper- 
tive  necessity  of  such  separation,  and  the  work  undertaken  in  this  direction  bjr 
petroleum  Industry  must  he  deci alvei/  continued  and  expanded. 

The  propositions  about  the  organisation  of  rational  collection  and  refining 
the  crudes  of  the  tJral-Volga  region  should  in  our  opinion  be  worked  out  by  the 
Councils  of  National  Economy  of  Tartar/,  Bashkiria  and  Kuybyshev  Oblast  with  thi 
participation  of  a  number  of  research  institutes  of  the  petroleum  industry,  and 
should  be  reviewed  and  approved  by  the  higher-echelon  directive  organizations. 

At  the  same  time,  we  also  consider  it  possible  and  expedient,  even  today, 
note  certain  priority  measures  which  result  from  an  analysis  of  the  existing 
situation. 

1.  Up  to  now  oil  fields  have  appeared  where  it  has  become  necessary  to  est  . 
11 sh  conditions  for  the  separate  collection  of  crudes.  Such  oil  fields  include 
thoee  of  Tuymazy,  Mukhan  and  Shkapov. 

2.  Since  it  has  become  the  practice  to  concentrate  the  refining  of  the  mos 
aggressive  sulfur-bearing  crudes  at  three  refineries  -  Kuybyshev,  Syzran  and 
Xshlabay  -  it  is  expedient  to  concentrate  all  the  refining  of  crudes  of  this  ty  . 
these  refineries,  and  to  permit  no  deliveries  of  aggressive  crudes  to  any  other 
ftnarias  whatsoever,  to  say  nothing  of  refineries  not  equipped  to  handle  sulfur 

-  bearing  crudes  (Our* yev,  Orsk,  Grozny/,  etc.).  c;  -  * 

J.  It  is  imperative  to  work  out  measures  and  put  them  into  effect  graduall 
.  over,  a  short  period  (1  -  1.5  year)  to  adapt  the  equipment  and  the  individual  el. 
msnts  of  the.  general  plant  installations  at  the  Kuybyshev,  Xshlabay,  and  Syzran 
fineries  to  handle  highly  aggressive  sulfur-tearing  crudes,  in  order  to  effect 
smart  nun  reduction  in  the  extent  of  corrosion  and  the  amount  of  repair  and  rebul 
work  at  those  refineries. 
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Conclusions 


1.  The  results  of  this  work  have  shown  that  an  extensive  group  of  crudes  of  the 
Ural-Volga  region,  usual 1/  lumped  together  under  the  common  designation  of  "sulfur¬ 
bearing  crudes",  in  fact  include  crudes  differing  sharply  in  corrosive  properties 
when  distilled  under  atmospheric  pressure  up  to  350°C. 

2.  The  changes  that  have  taken  place  in  the  pattern  of  the  properties  of  crudes 
produced  in  the  Ural-Volga  region  (with  respect  to  their  corrosive  properties)  in¬ 
sistently  demand  a  decisive  continuation  and  expansion  of  the  efforts  taken  bjr  the 
industry  to  organise  the  separate  collection  and  refining  of  a  wide  assortment  of 
crudes  of  the  Ural-Volga  region. 

3.  It  la  necessary  to  Introduce  into  the  practice  of  the  analysis  of  the  crudes 
from  new  oil  fields  and  horlxons  a  determination  of  their  aggressive  properties  by 
the  developed  method  in  order,  on  the  one  baud,  to  determine  the  rational  points  for 
refining  such  crudes  and,  on  the  other  hand,  in  building  refineries,  to  provide  the 
most  correct  and  economically  advisable  measures  to  protect  the  equipment  from  cor¬ 
rosion,  according  to  the  degree  of  aggressiveness  of  the  particular  crudes  involved. 

4.  The  work  on  development  of  a  method  or  estimating  the  aggressiveness  of 
sulfur-bearing  crudes  and  petroleum  products  under  the  conditions  of  high- temperature 
processes  (thermal  and  catalytic  cracking)  should  be  continued. 

see 
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THE  CORROSIVE  PROPERTIES  OF  FUELS  PRODUCES  FROM 


SULFUR-BEARING  CRUDES 


I.Ye.Bespolov,  O.V.Pletneva,  Ye.V.Kolotushkina, 

O.P  .Belyayeva,  and  M.SJUlyshcva 
(All-Onion  Research  Instltuto  for  Potroloun  and  Cm  Refining 
and  for  tho  Production  of  Synthetic  Liquid  Fuels) 


With  the  widespread  introduction  of  fuel  TS-1,  produced  fren  sulfur-bearing 


.  crudes  and  therefore  containing  up  to  0,25%  sulfur,  the  various  consuaers  became 
concerned  about  its  possible  corrosive  action  on  fUel-feed  systems. 


Fren  the  literature  duta,  referring  primarily  to  fuels  for  carburetor  engines, 
we  know  of  the  corrosive  action  of  active  sulfur  compounds,  including  hydrogen 
sulfide,  elementary  sulfur,  and  aereaptans,  on  various  engine  parts  (Bibl.l). 

i  . 

According  to  the  production  technology  of  TS-1  and  T-2  fuels  that  hM  been 

»  o  -  a 

adopted  at  the  various  plants,  these  fuels  are  now  completely  fr*e  of  hydrogen  sul¬ 


fide. 


As  for  their  content  of  elmsentary  sulfur,  this  elmsent  has  been  detected  in 


::  several  eonmerelal  batches  of  TS-1  in  amounts  not  exceeding  0.001  -  0.002$.  The 

?  *  ■  v 

total  mercaptan  sulfur  in  fuels  TS-1  and  T-2,  produced  from  sulfur-bearing  crudes, 

!  c 

.dose  vary  within  a  wide  range  (0.005  -  0.3$). 

The  presence  of  aereaptans  in  TS-1  fuel  hM  made  it  necessary  to  study  the 
eerreeive  action  of  these  fuels  on  the  various  parts  of  the  fuel  systM  in  turbojet 
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-j anginas,  and  to  astabllsh  standards  for  the  permissible  content  of  aereaptan  sulfui 
1  In  such  fuels* 

The  corrosive  properties  of  the  fuels  were  determined  from  the  weight  loss  of 
a  naval  strip  after  immersion  of  100  hrs  in  the  fuel,  at  60°C.  Earlier  joint  studi« 
•  by  the  Research  Institute  for  Petroleum  Industry  and  the  VIAM  had  established  that 

« 

Table  1 

Corrosiveness  of  Turbojet  Fuels  Produced  from  Sulfur-Bearing 
Crudes,  as  a  Function  of  their  Content  of  Mercaptan  Sulfur 

(Tests  on  Copper  and  Bronze  7B-2A) 


Original  Fuel 


Copper 


Bronze  7B-2A 


Total 

Sulfur 

Mercaptan 

SulfUr 

*) 

Loss  of 

e) 

Losi  o; 
Strip. 

ga/2 

0.12 

Absent 

Absent 

Absent 

Absent 

Absent 

0.14 

0,002 

• 

o.a 

• 

1.4 

0.13 

0.005 

— 

• 

3.3 

0.17 

0,010 

-• 

• 

8.8 

o.ta 

0,023 

0,024 

0,3 

O.ooj 

8.3 

o.an 

0.050 

0,050 

0.5 

... 

10.8 

0.14 

0,002 

Absent 

0.8 

Absent 

1.1 

0,13  * 

n.noi 

0,001 

2.3 

• 

3.3 

0.15 

o.oto 

o.ona 

3.1 

• 

7.8 

0.17 

-  0,025 

•  0,015  • 

8.2 

•  0,004„ 

12,3° 

0.23 

0,050 

0,038 

8.3 

0,024 

14.2 

a)  Mercaptan  Sulfur  Content  of  Fuel  after  Test,  wt.jC 

jo  .  °  -  1  '  11  *  •  1  °  °  ’ 

!  '  fUel  TS-1,  with  a  aereaptan  sulfur  content  up  to  0.05<,  had  no  corrosive  action  on 
l-t  several  metallic  materials  used  for  parts  of  the  fuel  ayatmi  of  turbojet  engines:  <■ 
bronze  Br  AZhN-l(M.-A,  aluminum  alloys,  and  steel.  A  detailed  study  of  the  corro- 
slveneee  of  various  simples  of  fuels  TS-1  and  7-2  produced  from  sulfur-bearing 
•>ri  erodes  was  conducted  with  materials  most  sensitive  to  the  eorroslve  action  of 
mereaptans:  bronze  7B-2L  and  copper. 

Tbe  Investigation  was  made  on  samples  of  fuels  TS-1  and  T-2  containing  0.002 
0.05JC  of  Mercaptan  sulfur.  Curntal  and  experimental  samples  of  the  fuels  were 

a* 
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*  go ilatlnous  deposits  on  lh«  springs  and  a  aharp  decrees#  in  th«  mercaptan  sulfur 
aoniani  of  tha  fUal.  Tha  chicuete  passivation  of  tha  c admixed  springs  axertod  a 
■  protaetiva  action  but  did  not  completely  pravant  tha  formation  of  tha  gelatinous 
deposit  on  tha  springs  whan  tastad  In  this  fUal. 

fuel  T3-1,  containing  O.OLt  aarcaptan  sulfur,  causes  no  formation  of  gelatinous 


Tbbla  4 

Might  Loss  of  Cadadsad  Springs  (gm/m*)  during  tha  Test 


Pus  1 

Msroaptar 
Sulfur 
Content 
of  Origi¬ 
nal  Fuel, 
% 

Test  Conditions  for  Cadmisad  Springs 

Uhpai si voted 

FUasiveted 

a) 

In  Fuel 
Over  a 
Water 
Cushion 

In  FUsI 
Shaken 
with 
water 

a) 

In  FUal 
Over  a 
Water 
Cushion 

In  Fuel 
Shaken 
with 
Water 

Ti  t  (  coir 

0.002 

!  0.07 

4. to 

3.44 

abtent 

0.23 

o,80 

4t3M») 

Tit 

a  a  s  «wi 

Tit 

o.ot 

~  - 

27.00 

40.00 

0.70 

3.8.1 

8.26 

Tit 

0.020 

■.44 

toa.oo 

100.77 

#.02 

13,5? 

71.83 

T4 

0.011 

t.ae 

•.01 

35,52 

0.# 

0,38 

1.20 

a)  la  moistened  fuel 


deposits  in  testa  on  caduiaed  springs  in  unwatered  fuel,  and  very  small  amounts  of* 
deposits  in  testa  in  fuel  watered  bp  shaking  with  water. 

c  \  The  loss  of  walght  of  passivated  eadalsed  springs  tested  in  this  fuel  is  ax-  . 

trsmely  slight,  and  the  content  of  mercaptan  sulfur  in  tha  fuel  remains  practically 
•«* 

unchanged.  , 

Thus,  under  rather  severe  teat  conditions,  whan  eafeiaed  springs  are  tasted 
la  TVl  fUal  containing  0.0l£  mercaptan  suliUr,  ehromata  passivation  of  the  springs 
reliably  protects  the  raiMiim  coating  and  prevents  tha  formation  of  gelatinous 
deposits  even  when  the  fuel  Is  strongly  moistened  (fuel  with  suspended  water).  Under 
the  teat  conditions,  the  corrosiveness  of  fuel  T-2,  with  0.03*  mercaptan  sulfUr,  is 
similar  to,  that  of  fuel  TS-1  with  the  same  mercaptan  sulfur  ecntsnt.  In  teats  with 

! 
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Xt  will  b*  teen  fra*  Table  2  that,  under  the  test  conditions  adopted*  copper 
ie  considerably  corroded  by  the  fraction  boiling  in  the  range  60  -  130°C  and  vary 
little  corroded  by  the  130  -  2i*0°C  fraction. 

Thus  the  Increased  corrosiveness  of  fuel  T-2  for  copper  nay  be  explained  by  t 


Table  2 


•  t 

I- 


Corrosiveness  of  Fractions  with  Boiling  Ranges  of  60  -  130  and 
130  -  2bO°C,  of  Straight-Run  Products  of  Sulfur-Bearing 
Crudee,  as  a  Function  of  their  Content  of  Kereaptans 


12 

•f> . 

SN 

I* 

Ip 

M 

is 

!•» 

.V 


Boiling  Range 
of  Fraction, 
«C 

Mercaptana  in 
Original 
Fuel,  wt.  % 

_ Copper _ 

Kereaptans 
Content  of 
FUol  after 
Test,  wt.Sf 

Weight  Loss 
of  Strip, 

0.001 

Absent 

0.50 

0,003 

• 

2.80 

*1-130 

0.013 

• 

7.*) 

0.023 

• 

10.60 

0.0(3 

0.013 

14,90 

0.001 

Absent 

0.40 

0,003 

0,003 

0.4(1 

130-240 

0,013 

0,012 

1.50 

0,083 

0.01? 

1.80 

0.0(3 

Bet  determined 

3.1V 

o>o 


•  considerably  higher  corrosivity  of  the  low-nolecular  nercaptans  contained  in  fuel 
T-2  by  c caparison  with  the  nercaptans  in  fuel  TS-1. 

Ac  already  mentioned,  fuel  TS-1,  manufactured  in  the  plant  installations,  son 
. tines  contains  slight  anounts  of  slaasntary  sulfur. 

°  o  r  C 

,  apodal  experiments  nade  with  tsst  staples,  to  which  various  mounts  of  sls- 
0  nsntary  sulfUr  had  bean  addsd,  showod  that  the  presence  of  f lmcntary  sulfur  up  to 
OaOOGBt  In  the  fuel,  i«c.,  in  mounts  that  could  not  bo  detected  by  the  eopper-etrl 
toot  (003T  6321-32),  do  not  increaac  tho  corrosive  action  of  fUol  TS-1  with  0.0181 
nercaptans  an  bronte  VB-2/..  With  respect  to  copper,  the  corrosive  action  of  fuel 
TS-1  containing  nercaptans  is  sharply  Intensified  on  addition  of  elmontary  sulfur 
to  tho  fUsl.  On  addition  of  O.OOlf  of  elmantary  sulfUr  to  the  fUel,  the  weight 

MCL-S79/V*  °°  .  .  .  •  A  .  .  :  ,  „  . 
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• loss  of  tho  copper  strip  after  100  hr  of  test  increased  from  0.5  to  9  pa,  !•«•»  by  a 
factor  of  Id.  Here  there  was  a  considerable  decrease  in  the  mercaptan  sulfur  of  the 
■fuel. 

It  is  of  great  practical  importance  to  elucidate  the  character  of  the  corrosion 
of  metals  in  sulfur-bearing  fuels,  as  a  function  of  the  contact  time.  With  this 
•object,  we  ran  experiments  on  the  corrosion  of  copper  and  bronse  TB-2U  in  fuel  TS-1 
and  T-2  with  varying  amounts  of  mercaptans  at  varying  test  durations.  Figure  3  gives 
the  r*rults  of  the  tests. 

I',  will  be  seen  from  the  data  in  Table  3  that,  at  the  test  temperature  of  60°C, 
bronse  VB-24  begins  to  undergo  corrosion  in  fuels  TS-1  and  T-2  almost  from  the  in¬ 
stant  of  immersion  in  the  fuel.  The  mercaptan  content  decrease  is  simultaneous  with 
the  weight  loss  of  the  strip  in  the  fUel.  The  corrosion  of  a  strip  of  bronse  VB-2L 
under  test  conditions  in  fuels  TS-1  and  T-2  with  up  to  0.0151  mercaptans  ended  after 
■  100  hrs,  while  in  the  fuels  containing  fra  0.025  -  0.0501  mercaptans,  it  ended 
after  150  hrs:  during  this  period,  the  mercaptans  contained  in  the  fUels  were  com¬ 
pletely  used  up. 

Obder  similar  test,  conditions,  the  Interaction  of  the  mercaptans  in  fuel  T-2 

*0  0  c00  .  e  O  °c  ,  °  'c  °  \  *  .  "  c  o  #  e  °  -  -  0  0  °*  *  ?  °  O*  .  o  •  ' 

(and  especially  in  fuel  TS-1)  with  tin  copper  strip  is  considerably  slower. 

•  0  c  c  O 

The  results  of  the  experiments  show  that  the  corrosion  of  bronse  VB-2Z*  does  not 

0  o  ‘  ' 

"c-  .  ,  ‘  r  r,  ■  «.  .  /  "  '  c 

•so  such  depend  on  the  amount  of  .arcaptans  in  the  Aiel  as  on  the  contact  time  be¬ 
tween  the  bronse  and  the  fUel.  During  the  first  25  hrs  of  the  tests,  the  corrosion 
-of  bronse  VB-2k  Was  slight,  and  was  practically  the  same*  for  all  fuels'  with  nsrcap-  ° 

o  t  i 

tan  contents  of  0.00k  -  0.052.  This  may  explain  the  observation  that  under  operat¬ 
ing  conditions,  when  fUel  is  continually  being  pvmped  through  the  fuel  pumps,  the 
•corrosion  of  the  bronse  parts  is  slight  and  is  practically  the  same  for  TS-1  fuels 
with  0.002  and  0.0262  mercaptans. 

Tbs  eadaised  parts  of  the  fUel  system  proved  more  sensitive  to  the  action  of 
mercaptan  sulfur.  Under  engine  operating  conditions,  in  regions  with  elevated  at- 
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mospheric  huoidity,  the  formation  of  gelatinous  deposits  on  the  cadmized  surface  of 
pump  parts  was  noted,  which  in  sene  eases  interfered  with  operation  of  the  fuel 
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papa. 

To  elucidate  the  causes  and  conditions  of  formation  of  these  deposits  in  op¬ 
erating  with  fuels  produced  from  sulfur-bearing  crudes,  the  appropriate  laboratory 
tests  were  run  on  industrial  samples  of  fuel  TS-1  containing  0.01  and  0.025£  mercap 
ten  sulfur  and  Aiel  T-2  containing  0.01 %  mercaptan  sulfur.  For  comparison  ws  also 
ran  tests  on  Aisle  free  of  mercaptan  sulfur:  fuels  T-l  and  fuels  TS-1  from  sulfur- 
-bearing  crudes  that  had  first  been  treated  with  sodium  plumbite.  The  serles- 
-predueed  steel  springs,  eadnised  both  un passivated  and  after  chromate  passivation 
were  also  tested  for  corrosion  by  thsss  Aisle. 

The  test  of  the  cadmized  springs  for  corrosion  was  run  at  room  temperature  for 
50  days,  changing  the  fuel  every  10  days,  with  complete  iomerslon  of  the  springs  in 
the  Aral.  To  elucidate  the  effect  of  increased  moisture  content  of  the  fuel  on  the 
ruts  of  formation  of  the  gelatinous  deposits  on  the  cadmized  parts,  corrosion  tests 
on  the  springs  were  run  at  various  moisture  contents  of  the  TS-1  end  T-2  fuels. 


oo  l)  Unmetered  Aiel; 


2)  Fuel  watered  by  storage  over  a  water  cushion; 

3)  Fuel  watered  by  shaking  with  distilled  water,  followed  by  storage 

c  *  °  °  ° 

*  »  « 

over  e  water  cushion. 


»<; 
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The  corrosive  action  was  estimated  from  the  weight  loss  of  the  springs,  from 
•the  change  in  their  appearance,  and  from  the  change  in  the  mercaptan  content  of  the 

a  '  <-  c  c 

fuel.  Particular  attention  woe  paid  to  the  time  of  first  appearance  of  the  gelati- 


nous  deposits  on  the  springs,  and  to  the  amount  of  such  deposits.  Table  U  gives 
^  data  on  the  weight  loss  of  the  springs. 

As  will  he  seen  from  these  data,  ths  greatest  weight  loss  was  noted  for  tho 

»*•»  •  «  , 

anpasslvated  springs,  tostod  in  tho  Aiel  containing  O.Q25£  mercaptan  sulfur  and 

watered  by  shaking  with  water.  In  this  ease,  we  noted  the  formation  of  extensive 
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*  gelatinous  deposits  on  ths  springs  and  a  sharp  dscroaso  in  ths  mercaptan  sulfur 
•ontsnt  of  the  fuel*  The  chromate  passivation  of  ths  cadmlsed  springs  exerted  a 
■  protective  action  but  did  not  completely  prevent  the  formation  of  the  gelatinous 
deposit  on  the  springs  when  tested  In  this  fuel. 

fuel  T3-1,  containing  O.Olt  mercaptan  sulfur,  causes  no  formation  of  gelatinou 


Table  4 

Might  Loss  of  Cadmlsed  Springs  (gm/m*)  during  the  Test 


rusi 

Mercaptan 
Sulfur 
Content 
of  Origi¬ 
nal  Fuel, 
* 

|  Taat  Conditions  for  Cadaisod  Springs 

f  Uhpasslvated 

)  JUsslvated 

a) 

la  Fusl 
Over  a 
Water 
Cushion! 

In  Fuel 
Shaken 
with 
water 

a) 

In  Fusl 
Over  a 
watsr 
Cushion 

In  Fuel 
Shaken 
with 

water 

Ti  l  I  COST 

0.008 

1  o.n 

4.10  j 

1  3.44 

tkWHt 

0.23 

o,90 

4I3MS) 

Til 

a  a  s  a*«  t 

Til 

0,01 

- . 

27,00 

40,00 

0,70 

3,83 

9,26 

T|* 

0,020 

6.44 

100.60 

100.77 

9.62 

13.57 

71,63 

T-a 

O.Olt 

iM 

«.o» 

35,52 

o.» 

0.38 

1.20 

a)  Xa  moistened  fuel 


deposits  in  tests  on  eafeised  springs  In  snsaterod  fuel,  and  very  small  amounts  of 
deposits  In  tests  In  fuel  watered  bp  shaking  with  water.  °  •  < 

The  loss  of  weight  of  passivated  cadmlsed  springs  tested  in  this  fuel  is  am* 
truly  slight,  and  the  oenient  of  mercaptan  sulfUr  in  ths  fuel  remains  practically 

mm  °  -  c  6  ■  ° 

unchanged. 

Thu,  under  rather  severe  tost  conditions,  when  cattaised  springs  are  tested 
in  T3-1:  fUel  containing  O.Olt  mercaptan  sulfur,  chromate  passivation  of  the  springs 
reliably  protacts  the  caddip  coating  and  prevents  the  formation  of  gelatinous 
deposits  oven  when  the  fuel  is  strongly  noistsnod  (fuel  with  suspsndsd  water).  Ondei 
the  teat  conditions,  the  corroolvenoes  of  fUol  T-2,  with  0.0l£  mercaptan  sulfur,  is 
similar  to,  that  of  fuel  TS-1  with  the  same  mercaptan  sulfur  ccntant.  In  testa  with 
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»ys«iiirw»fr  i 


i 

-springs  In  »  Aisl  frss  of  mercaptan  sulfur,  no  fomstion  of  (slstinous  dsposits  wms 

!  i 

ObSWTSd. 


Obviously  ths  weight  loss  of  th#  springs  and  th*  forastion  of  gslstlnous  do- 
posits  tskss  pise*  as  a  result  of  th*  lnt*raetlon  of  eadaium  with  th*  ■•rcaptans  of 

t 

th*  fU*l  (directly  or  by  way  of  lnt*medlat*  products)  forming  catfeiua  aercaptidee. 

»  . 

t 

Ths  weight  loss  Is  In  good  agr*sa«nt  with  th*  data  on  th*  d*er*as*  In  th*  mercaptan 
sulfur  content  of  th*  test  fu*l. 


Ths  gslatlnoss  prscipitat*  rawrsd  from  ths  eadhdsed  springs  consists  of  71*52 
-  1U«1  and  28.52  radii  urn  aercaptidee.  Th*  following  p*re*ntag*  data  w*r*  found  on 
d*t*rmlnatlon  of  th*  *1— ntary  composition  of  th*  cadsiun  msreaptid**  Isolated  from 


ths  prscipitat*: 


I  . 
i  1 


Carbon  . 
Hydrogen 
Sulfur  • 


46.7 

8.5 

16.3 

28.5 


100.0 

It  will  b*  easily  **en  that  th*  relation  between  th*  sulfur  content  and  th* 
content  of  th*  separated  mercaptides  Is  clos*  to  thsorstled.  To  dmwi 
strata  ths  presence  of  eadfelai  mercaptides  In  ths  gelatinous  predpitat*  formed,  the 
latter  was  treated  with  50 2  sulfUric  add,  and  ths  free  msreaptans  war*  separated. 

In  ardor  to  study  in  nor*  detail  th*  influence  of  water  on  th*  formation  of  th* 
gelatinous  deposit*  on  th*  cartel  ted  part*  of  fu*l  pump*  operating  on  aareaptan- 
-containing  fUols,  additional  «zp*ria«nts  w*r*  run.  Specimens  of  metallic 

taken  for  th*  test  in  th*  form  of  cylinders  100  ms  In  lsngth  and  6  -  7  ms  in 
Sam*  of  tho  esddum  specimens  war*  machined  before  th*  test,  to  rmmnrs 
•th*  eafelisi  cod  do  from  thoir  surfaces.  Th*  catena  specimens  wars  tested  la  TS-1 
fuel  with  0.042  mercaptan  sulfur  under  ths  following  conditions:  In  Aid  first  dried 
with  seldom  hydride,  !•*.,  practically  frss  sren  of  dissolved  water}  In  Aid  first 
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ihik«n  with  water  and  stored  over  a  watar  layer. 

The  oafelum  apaelaans  ware  taatad  for  three  months  at  room  temperature  in  gli 
flask  a  without  aeeaaa  of  air.  In  the  aolataned  fuel,  the  formation  of  a  large 
fount  of  gelatinous  deposits  on  both  eadtium  spaeixens  was  observed  as  early  as  t 
following  day* 

In  the  dehydrated  fuel,  the  character  and  rate  of  fornatlon  of  the  gelatlnoui 
deposits  wee  entirely  different.  On  eadslun  specimens  fren  whose  surface  the  cad* 
niue  oxide  had  been  removed,  the  gelatinous  deposits  appeared  in  the  fom  of  iso¬ 
lated  points  only  on  the  tenth  day  of  the  test.  During  the  next  two  months,  the 
fount  of  these  deposits  Increased  slowly,  and  only  toward  the  end  of  the  third 
month  did  it  Increase  sharply.  On  the  eadaiuu  specimens  coated  with  cadalus  oxidt 
traces  of  deposits  appeared  only  2.5  souths  after  the  beginning  of  the  tests. 

Parallel  with  the  tests  of  speclnens  of  netallic  cadmium,  we  ran  the  followiz 
experiments  under  slsdlar  conditions:  To  the  fuel  TS-1,  first  dehydrated  with 
calcium  hydride,  fall  amounts  of  synthetically  prepared  hydrated  cadmium  oxide  w« 
added.  The  hydrated  eaflua  oxide  for  the  experiments  was  either  air-dried  or 

1;? 

moist.  In  the  experiments  with  the  fist  hydrated  cadaiiaa  oxide,  the  fornatlon  oi 
gelatinous  dsposlts  was  observed  on  its  surface  on  the  day  following  the  beginnlni 
of  the  test.  The  quantity  of  these  deposits  rapidly  increased.  In  the  experiment 
with  the  alr-drled  hydrated  cadmium  oxide,  no  gelatinous  deposits  could  bo  detect* 
f  its  surface  during  the  entire  test.  When  these  experiments  word  ran,  the  meres 

c  c  '  C  =  c  -  c 

tan  oalfUr  in  the  fuel  samples  was  determined  before  and  after  the  test.  Table  $ 
fives  the  results. 

It  will  be  seen  from  these  data  that,  in  the  dehydrated  fuel,  the  hydrated 
eatalf  aside  reacts  considerably  faster  with  the  aercaptane  of  the  fUel  than 
metallic  eadaif  does.  The  preeenca  of  watar  in  fuel  containing  mareaptano  aecolt 
atf  the  reaction  between  the  aercaptans  of  the  fuel  and  the  metallic 

r*i  *. » 

well  as  the  rats  of  formation  of  the  gelatinous  deposits. 

Ml  .  • 
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|  The  formation  of  the  gelatinous  deposits  on  cadaiua  coatings,  on  contact  with 
!  fuels  containing  aercaptans,  may  perhaps  pass  through  tho  lntoraodlato  stage  of 

i 

formation  of  hydrated  cadaiua  oxide* 

Table  $ 

l 

Measurement  of  Mercaptan  Content  in  Fuels  during  the  Test 

; 

(Mercaptsn  Sulfur  in  Original  Fuel,  0*04$) 


Specimen  of  Cadaiua 


Catfcdum  without  oxide  film 
Cadsiiai  with  oxide  film 
Air-dried  hydrated 
cathdua  oxide 

Moist  hydrated  carbd.ua  oxide 


Mercaptan  Sulfur  in  Fuel 
after  Test.  % 


Fue 
toned  by 
Shaking  with 
Water 


0*016 

0.026 

0*001 

0.002 


0.002 

0.002 


1.  The  corrosion  of  copper  and  braise  VB-2A  by  fuels  prepared  tr cm  sulfur- 
shearing  crudes  is  due  primarily  to  the  presence  of  aercaptans  in  the  fuel.  Fuels 
free  tr cm  aercaptans  show  practically  no  corrosive  action  on  copper  and  bronse 

2.  The  presence  of  up  to  0.002%  of  elementary  sulfur  in  the  nercaptan- 
-ccntalnlng  fUel  TS-1  does  not  intensify  the  corrosive  action  of  this  fuel  on  bronse 
TB-2A  but  increases  it  sharply  with  respect  to  copper. 

3*  FUel  T-2,  which  is  a  wide  cut  containing  more  aercaptans  than  fuel  TS-1,  has 
a  corrosive  action  on  copper.  The  fact  that  fUal  T-2  has  a  greater  tendency  to 


.corrode  copper  is  explained  by  the  considerably  greater  corrosiveness  of  the  low- 
. -molecular  aercaptans  contained  in  the  60  -  130°C  fraction  of  fuel  T-2. 

4.  The  basic  eaase  responsible  for  the  formation  of  gelatinous  deposits  on 


eedaieed  parte  lraersed  in  fuels  TS-1  and  T-2  from  sulfur-bearing  exudes  is  the 
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— {watering  of  the  fuels  in  the  presence  of  mercaptan  sulfur. 

«*- 

i  $•  With  increasing  contant  of  mercaptan  aulfur  in  tha  fual  (orar  0.01*)  the 

« 

nt  of  gelatinous  dapoaita  on  cattail  ad  parta  sharply  increases. 

6*  Tha  chromate  passivation  of  cacbdsad  parta  incraaaaa  thair  raaiatanca  to  tha 


i  . 


1" 


1i!  l 


\\  . 


corrosive  action  of  mercaptans  and  completely  praranta  tha  formation  of  gelatinous 
1  dapoaita  on  catfeiiad  parta  In  fUala  TS-1  and  T-2  with  a  mercaptan  sulfur  content  not 


0.01*. 

Oki  tha  baaia  of  thia  work  it  haa  been  eatabliahed  that  of  all  tha  aetallic 


1h  : 


.  matarlals  uaed  in  manufacturing  parta  for  fuel  pumps,  cadmium  coatings  are  moat  sub- 


!  *  . 

. 

IMS 

•M 

M  I 


I  Jact  to  tha  action  of  mercaptan  a.  In  this  connection,  tha  mercaptan  sulfur  in 
fUela  T3-1  and  T-2  should  not  exceed  0.01*. 
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ORGANIC  SULFUR  COMPOUNDS  IN  FUELS  AS  CORROSION  INHIBITORS  FOR 


COPPER  AND  ITS  AI10T3 

hr 

Ya.B. Chertkov,  T.R.Zrelov,  V.M.Shchagin 

} 

(Research  Institute  for  Fuel*  and  Lubricants) 

Tho  corrosive  action  of  Alois  designed  for  use  In  gas-turbine  engines  is  an 
■  Important  Index  of  their  quality.  In  the  presence  of  sulfUr  compounds  there  is  a 
.considerable  weight  loss  of  copper  or  its  alloys,  of  which  numerous  parts  of  the 

•  fuel  system  of  such  engines  are  made  (Bitl.l  -  7).  j 

A  more  careful  study  of  the  question  revealed  that  not  all  sulfUr  compounds 
present  In  fuels  have  a. tendency  to  corrode  metals  (Blbl.8).  It  was  established 

that  el«entary  sulfur  and  the  mercaptans  belong  to  the  unconditionally  corrosive 

(  •-  -°c'  '  ‘  '  00  *  '  ’•  "•  ■-  '  t  ‘  •  c  •  •  ••  «  , 

compounds  (Bibl.9,  ?  )•  Ait  the  earlier  generalisation  for  all  mercaptans  also 
•proved  inaccurate.  The  mercaptane  of  aliphatic  structure  do  have  strong  corrosive 
•properties  with  respect  to  copper  and  its  alloys.  As  for  mercaptans  of  aromatic 
■structure,  they  were  found  to  exhibit  no  corrosive  activity  at  temperatures  up  to 

•  1*J®C.  The  corrosive  activity  of  a  fUel  decreases  to  sere  as  the  thiol  group  in  the 

.  aromatic  mercaptans  present  approaches  a  ring  structure.  For  example,  «  -thionaphthol 
•and  dithioresorclnol,  when  present  in8  large  amounts  in  Aids,  will  not  corrode  ° 


•bronss,  whereas  nonylmsreaptan  is  a  powerful  corrosive  agent  with  respect  to  this 


metal. 

■4 


TUhles  2  and  1  give  a  characterisation  of  the  corrosive  action  of  elementary 
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Corrosion, 

*■0*2 


Deposits  on  Surface  of  Bronze, 
Braise,  gm/m2  Magnification  80  * 


•  sulfur  and  mercaptans  with  various  chemical  structures  on  antimony-bearing  bronze* 

I 

-  Further  study  of  the  sulfur  compounds  with  various  ehoical  structures  permit¬ 
ted  the  conclusion  that,  among  the  sulfur-containing  compounds  in  fuels,  the  corro- 

-  sive  compounds  and  Inert  compounds  m ay  also  be  accompanied  by  compounds  with  a  pro- 

•  teetlve  anticorrosive  influence  on  the  metal. 

-  It  was  noted  that  bronse  strips  after  a  6- hr  test  at  120  -  150°C  and  certain 

-  fbels  of  various  composition  and  purpose  (for  exutple,  T-l,  Baku  straight-run 
kerossns,  and  cracked  kerosenes  of  certain  eulfur-bsarlng  crudes)  become  coated  with 
a  shiny  film  of  steel/  or  golden  color*  The  film  is  week  and  can  be  removed 

-  mechanically.  Underneath  the  film,  the  metal  has  an  undamaged  and  well  preserved 
surface*  The  metal  loss  In  this  casa  Is  nil  or  nsgligiblt* 

It  was  obvious  that  we  had  to  do  with  a  protective  film  formed  and  renewed 
Wider  elevated  tmsperature  conditions  as  a  result  of  chemical  interaction  between 
-certain  compounds  present  in  the  fuel  in  very  maall  amounts  and  the  metal. 

Table  3  gives  the  results  of  a  test  with  antimony-bearing  bronse  in  several 
fuels* 

The  bronse  protected  by  such  a  film  does  not  become  corroded  and,  consequently, 
dees  not  lose  weight*  No  adhesive  deposits  are  formed  on  the  metal  surfaca.  More- 

'V- 

over,  the  presence  of  the  film  on  the  metal  excludes  the  catalytic  influence  of 
copper  under  elevated  temperature  conditions,  in  the  presence  of  atmospheric  cuqrgen, 
-on  the  unstable  part  of  the  fuel,  and  as  a  result,  the  amount  of  deep  oxidation 
products  formed  as  insoluble  sediments  sharp!/  decreases. 

It  was  notsd  that  In  certain  cracked  kerosenes.  In  which  the  film  was  not 

j  ,<“~d  -  -***1  °f  -*11  — •'  — 

-pounds,  a  shin/  film  of  golden  or  steel/  color  did  appear  on  tha  metal,  and  the 
tj  corrosion  of  the  bronse,  together  with  the  deposits,  dropped  to  very  low  values. 
-|dueh  an  affact  was  accomplished  at  150°C  for  the  cracked  kerosene  of  tho  Moscow  and 
shev  refin art as. 


(. 


1 

!:• 


Th«  cause  of  tho  fila  formation  on  bronse  (this  phenomenon  was  obs erred  on 
bronses  of  various  grades)  was  apparently  the  presence  of  compounds  containing  sul¬ 
fur  and  nitrogen. 

A  somewhat  greater  clarity  was  obtained  on  studying  certain  individual  ccm- 
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Table  3 

Corrosive  Activity  of  Certain  Fuels  on  Antimony-Bearing  Bronse 
Duration  of  Test  6  hrs 


*H| 

Pool  and  Its 

Corroelon 

Deposit 

Characterisation 

gp/m2 

on  Metal 

W*2 

Remarks 


Tost  Temperature  120°C 

TS-1  with  0.0b 5*  mercaptans  •  .  |  7*1  I  1*0 

Cracked  kerosene  from  Moscow 

refinery  with  0.9b*  sulfur.  .  .  j  5*8  I  0.9 

Cracked  kerosene  from  Kuybyshev 
refinery  with  0.66*  sulfur  .  •  |  0  |  0.1 


Cracked  kerosene, from  Saratov 
refinery  with  0.5j£  sulfur.  .  . 


TS-1  with  0.10*  sulfur.  .  . 
Straight-run  kerosene  with 
0«10fr  sulfUr  ••••••• 


0 

0.1 

0.0 


0.2 

0 

0.5 


Porous,  corroded  metal 
surface 


Shiny  fils  of  steely 
color 

Shiny  film  of  golden 
color 


Test  Temperature  150°C 


TS-1  with  0.0b  5*  mercaptans  •  • 
Cracked  kerosene  from  Moscow 
refinery  with  0.9b*  sulfur.  .  . 
Cracked  kerosene,  from  Kuybyshev 
refinery  with  0.66*  sulfur.  .  • 
Cracked  kerosene  from  Saratov 
refinery  with  0.51*  sulfur.  •  • 
TS-1  with  0.10*  sulfUr.  .... 
Straight-run  kerosene  with 
0.10V sulfUr  ••••••••• 


7.5 

1.2 

6.b 

1.0 

1.1 

2.2 

0 

0.2 

0.3 

0.3 

0.3 

0.5 

Porous,  corroded  metal 
surface 


Shiny  film  of  golden  color 


Me  had  available  l-phenyl-5-moreaptotetraiole  and  individual  pyrasolines. 
ayntbeelsed  at  Moscow  State  University  at  the  laboratory  of  A.P.Terent'yev: 
l-thlocarbamlde-3. 5.  5-trimethylpyrasoline,  l-phenyl-3 ,5. 5-trinethylpyra*oline,  and 
3-ami h»-l-phenylpyrasoline.  _ 
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~j  These  compounds  were  added  to  fuel  T3-1,  which  was  highly  corrosive  bacausa  of 

•  -tha  prasanea  of  a  considerable  amount  of  mercaptans  (0.045%).  The  1-phenyl- 5* 

•  -mercapt.ot etrazole  was  added  to  tha  fual  in  an  amount  of  0.005%,  and  tha  retaining 

Tabla  4 

i  Corrosive  Actirity  of  Fuel  in  Prasanea  of  Individual  Hydrocarbons 


Addition 

Formula 

Corrosion 
of  Bronse 

p^m2 

Deposit 

on 

Bronse 

ff»/m2 

Precipitate 
Insoluble  in 
Fuels, 
mgAOO  mg 

Without  additives 

13SS &MSS80T 

'  \  -M-  C-  Stl 

I  8 

N  N 

Y 

cn,  c-;ch, 

8  1  yOU 

N  C< 

YSau 

7.1 

0.3 

M 

0.3 

17.1 

2.8 

1-thiocarbamide- 
-3  #  5»  5-trlmathyl- 
pyrazoline  (0.01%) 

0.5 

0.3 

1.3 

C-S 

l-phenyl-3 , 5, 5-tri- 
msthylpyrazolina 
(0.01*) 

NH, 

Ola  C-CH, 

1  1  yCll, 

N  c£ 

'«a,‘ 

5,8 

0.8 

0.7 

4-amino- 1-ph any 1- 
pyrasoline  (0.01%) 

CJU 

UI.-C -Nil, 

1  8 

CM,  N 

Y 

7.0 

0.3 

1.0  • 

• 

C»H» 

•  compounds  in  an  amount  of  0.01%  each*  Tha  fuel  was  than  tsstad  for  its  tendency  to 

•  -  corrode  antimony-bearing  bronse  under  standard  conditions  (6  hra,  120°C). 

Table  4  gives  the  results  of  the  tests*  / 

y  The  formation  of  a  glossy  film  was  observed  on  testing  a  fual  with  1-phenyl- 5- 
-  -mercaptotetrasole  and  l-thiocarbamida-3 ,5, 5-trimethylpyTaxoline.  Such  a  film  was 
■‘■not  observed  In  the  other  eases. 

4.  • 
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Frcn  the  data  given  In  Table  4  on*  may,  with  a  certain  amount  of  caution,  draw 
a  preliminary  conclusion.  _ _ 

The  sharp  decrease  in  the  amount  of  Insoluble  sediment  in  the  fuel  can  be  ex¬ 
plained  as  due  to  a  "coating"  of  the  bronse  surface  by  the  film,  as  a  result  of 
which  the  catalytic  action  of  copper  on  the  oxidation  process  of  the  fuel  mereaptans 
and  other  unstable  ccaqwnents  was  prevented. 

In  this  connection,  the  amount  of  adhesive  deposit  on  the  metal  sharply  de¬ 
creased.  Better  results  in  corrosion  prevention  and  the  formation  of  a  protective 
film  were  shown  by  compounds  which,  in  general,  consisted  of  a  heterocyclic  ring, 
characterised  hr  the  presence  of  several  nitrogen  atoms  in  the  ring,  end  of  sulfur. 
The  nitrogen  atoms  are  directly  linked  to  each  other,  while  the  sulfur  is  attached 
to  the  ring  in  the  form  of  a  thiol  group  or  over  a  double  bond.  Such  a  heterocycle 
may  exist  in  combination  with  the  arcnatie  ring. 

Of  course,  these  data  are  far  from  sufficient  to  allow  tho  assertion  that  the 
formation  of  a  protective  film  on  bronse  is  due  only  to  tho  presence  of  compounds  oi 
this  structure  in  the  fUel.  However,  in  connection  with  the  complexity  of  tho 
question,  this  assumption  was  adopted  es  e  preliminary  hypothesis,  in  view  of  tho 
feet  that  such  compounds  may,  in  principle,  be  present  in  fuels  in  mull  amounts. 

o  o  o 

k  certain  clarification  may  be  achieve!  by  studying  the  non- hydro  carbon  compo¬ 
sition  ef  the  fhels. 

°  The  asphalt  portion  of  the  cracked  kerosenes  produced  frcm  Baku  and  Eastern  .  c 
ms  separated  ehromatographically  on  silica  gel.  These  esphaltle  substances 
characterised  by  high  nitrogen,  sulfUr,  and  oxygen.  The  portion  of  tho 
-  asphaltic  substances  wee  treated  with  a  7%  alcoholic  alkali  solution  sad  vacuum- 
-distilled.  Thus,  we  were  dealing  with  the  total  asphalt  and  its  neutral  portion 
■which  amounted  to  93  -  95*  of  the  total. 

t 

Since  the  total  asphalt  compounds  had  boon  treated  with  an  alkaline  solution  t 

• 

■  obtain  the  neutral  compounds,  we  had  a  right  to  consider  that  no  compounds  with  a 

HCL-579/T  « 


*8 


1 

f  *  * 

'thiol  group  could  have  rmsalned  In  the  neutral  portion.  let,  the  neutral  portion  of 

"  i 

•the  eepheltic  compound »  wee  likewise  characterised  by  a  high  sulfur  and  nitrogen 
content.  Table  5  gives  the  elementary  composition  of  these  compounds. 
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Table  5 

Elementary  Composition  of  Asphaltic  Substances  in  fuels,  % 


Cracked  Kerosene 

C 

B 

S 

B 

0  (by  Dif¬ 
ference) 

Baku  refinery 

80.34 

0.41  !  0.90 

2.75 

6,57 

Moscow  refinery 

77,41 

9.5ft 

3.63 

1.13 

S.27 

Kuybyshev  refinery 

75.13 

9.33  ; 

5.10 

1.09 

9.55 

Saratov  refinery 

77,30 

Ml 

4.11 

1.23 

7.55 

To  test  the  hypothesis  that  the  asphaltic  substances  of  the  fuels  contain 
•  sulfur  and  nitrogen-bearing  compounds  of  heterocyclic  structure,  in  the  presence  of 
which  a  protective  film  is  formed  at  elevated  temperatures  on  bronze,  we  ran  teets 

! 

Table  6 

Effect  of  Total  Asphaltic  Compounds  from  Cracked  Kerosenes  on 
tbs  Formation  of  Glossy  Films  on  Bronse  at  120°C 


Total  Asphalts  Addod  to 
Fuel  TS-1 

% 

Corrosion 
if  Branao 
mM 2 

Deposits 
on  Branao 

•5b* 

Surface  of 
Natal 

Mo  addition  ••••••••• 

T.l 

1.1 

!  Porous, 

Cracked  kerosene  from  Baku  refinery 

o.n: 

0,8 

0.4 

I  corroded 

Cracked  kerosene  from  Moscow  " 

0,01 

1.8 

0.9 

Cracked  kerosene  from  Kuybyshev  « 

fl.OI 

t.o 

0.2 

Cracked  kerosene  from  Saratov  " 

0.04 

1.2 

0,0 

Golden  film 

Cracked  keraeene  frem  Kuybyshev  «  • 

0.01 

0.8 

0.2 

♦At  150*C 


I  - 


.of  the  moot  corrosive  feci,  TS-1,  with  added  asphalts  from  cracked  kerosenes.  The 
•test  conditions  were  the  same  as  those  already  described!  testing  time  A  hrs,  tem¬ 
perature  120  and  150°C,  brans#  of  various  grades.  - - 
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•  %~j  The  tooting  of  fuel  mixed  with  0.01  *  0.02%  of  neutral  asphalts,  separated 

i  ft—  the  cracked  kerosenes  produced  by  the  Moscow,  Kuybyshev,  and  Saratov  refiner* 
lee  showed  that  although  the  netal  loss  and  the  deposit  on  the  metal  decreased  to 
about  half,  no  glossy  film  was  formed. 

H  . 

An  entirely  different  picture  was  observed  whan  certain  total  asphalts,  not 

*  1 

^  %  *  treated  with  alkali,  were  added.  In  their  presence,  the  formation  of  a  shiny 
•  golden-colored  film  on  the  surface  of  the  bronse  was  observed  (see  Table  6). 


ttnriailflM 


Based  cn  the  data  obtained,  the  following  preliminary  conclusions  may  be  drawn, 
-  which  will  be  refined  as  the  work  continues. 

1.  The  non-hydrocarbon  part  of  certain  fuels  contains  compounds  which,  in  very 
.  —n  amounts,  are  able  to  interact  with  copper  and  eopper  alloys,  forming  a  shiny 

•  protective  film  which  prevents  the  corrosion  of  metal,  and  also  Its  catalytic  action 

•  —  the  unstable  portion  of  the  fuel  in  an  oxidising  medium  at  high  temperatures. 

2.  There  is  reason  to  believe  that  these  compounds  are  of  heterocyclic  struc¬ 
ture,  with  one  nitrogen. at—  or  with  several  nitrogen  atoms  linked  to  each  other. 
The  thiol  group  or  eulfUr  at—  Is  attached  to  the  carbon  of  the  ring.  The 

• 

heterocyclic  ring  may  be  conjugated  with  the  bensene  ring. 

3.  The  effectiveness  of  such  compounds  in  the  asphaltic  portion  of  a  fuel  dm* 


•pends  —  their 


lit,  —  the  presence  of  various  other  compounds  which  are  corro¬ 


sive  or,  by  virtue  of  their  inertness,  simply  lower  their  concentration,  and  also 

■dopsndi  —  the  temperature  conditions  under  which  the  process  takes  place. 

*  * 

4*  Mb  have  obtained  eon pounds  which,  when  forming  pert  of  corrosive  fuels,  ere 
able  to  form  e  "protective*  film  —  the  surface  of  copper  or  its.  alloys.  This  will 
*  permit  the  use  of  e  larger  assortment  of  crudes  for  the  product  1—  of  Aisle  is 
the  ease  today. 
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THE  EFFECT  OF  ORGANIC  SULFUR  COMPOUNDS  ON  THE  1XM-TEMPERATURE 
PROPHtTIES  AND  OXIDIZABILITY  OF  KEROSENE-GASOIL  FRACTIONS 


I.A.Rublnshteyn,  B.V.LosUcov,  Ye.P.Sobolerv,  M.G.Zaychik 
(flMtireh  Institute  for  Fuels  and  Lubricants) 


Tha  increasing  use  of  sulfur-bearing  fuels  ami  the  experience  accumulated  as  to 
•their  peculiarities,  hare  raised  many  questions  that  need  profound  study* 

i 

The  specific  nature  of  Diesel  fuels  produced  -fra  Ural-Volga  crudes  is  ex¬ 
plained  by  their  chemical  composition,  which  is  characterised  by  a  high  content  of 
paraffinic  and  aromatic  hydrocarbons  and  a  relatively  high  content  of  sulfur  com¬ 
pounds,  which  reaches  5.-  7%» 

The  study  of  the  effect  of  the  concentration  and  structure  of  sulfur  ccspounds 
on  the  low-temperature  properties  snd  oxldi mobility  of  the  fuels  containing  such 
•ecapounds  occupies  an  important  position  in  solrlng  the  problem  of  a  rational 
utilisation  of  sulfur-bearing  fuels* 


The  lmr- temperature  properties  of  Diesel  fuels  are  of  interest  to  practical 

/  i 

-workers  primarily  with  regard  to  their  pupping  quality*  Pumping  quality  is  a  Tory 

•.important  parameter,  since  the  supply  of  a  precisely  predetermined  amount  of  fuel  to 

-  * 

-the  combustion  chamber  of  a  Diesel  engine  is  cos  of  the  fundamental  conditions  for 

» 

‘its  stable  and  uninterrupted  operation*  The  problem  of  pimping  quality  for  most 
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Diesel  fuels  arises  only  in  the  region  of  temperatures  below  0°C.  Being  a  function 

»  • 

1  1  of  ehesdeal  composition,  the  pimping  quality  of  dry  fuels,  from  the  physicochemical 
point  of  view,  may  be  characterised  by  their  viscosity,  pour  point  and  cloud  point. 

■  In  evaluating  the  concept  of  pumping  quality,  one  must  distinguish  pipe  pumping 

.  quality  and  pimping  quality  through  the  filters  of  the  engine  fuel  system.  Pipe 

I  i 

pumping  quality  is  a  function  of  the  fluidity  of  a  fuel  at  low  temperatures  and  may 

i 


t  Table  1 

$  Low-Temperature  Properties  of  Eastern  Diesel  Fuels 


t 


a)  Krasnokamsk  fuel  mixed  with  other  fuels  from  Eastern  crudes 


be  characterised  by  its  viscosity  and  pour  point.  The  cloud  point,  fixed  as  the 


' 

V 


Instant  of  crystallisation  and  precipitation  of  solid  hydrocarbons  from  a  fuel,  is 
unsuitable  for  estimating  pumping  quality  through  pipes.  To  estimate  the  pimping 
quality  through  filters,  the  cloud  point  is  very  important  characterising,  as  it 


does,  the  state  of  the  fuel  at  which  the  throughput  of  the  filter  elements  may  de- 
crease.  Diesel  fUels  with  high  naphthenic  or  aromatic  hydrocarbons  and  low  methane 
.hydrocarbons.  Including  hydrocarbons  which  are  solid  at  low  temperatures,  are  rather 
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1  well  pumped  through  pipes  end  through  the  filter  elements  of  sn  engine.  They  are 
'usually  characterised  by  low  pour  and  cloud  points.  For  low-sulfur  fuels,  the  basic 
•criterion  which  determines  the  pumping  quality  is  the  content  of  solid  hydrocarbons, 
which  is  reflected  in  the  pour  point  and  the  cloud  point.  The  situation  for  sulfur- 
• -hearing  fuels  is  different.  The  low-temperature  properties  of  sulfur-bearing 
!  Diesel  fuels,  with  5  -  82  of  polar  molecules  of  sulfur  ecopounds,  depends  not  only 

•  on  the  content  of  solid  hydrocarbons  but  also  on  the  content  of  sulfur  compounds, 
end  apparently  also  on  their  structure. 

Table  1  gives  the  low-temperature  properties  of  Diesel  fuels  and  their  content 
of  sulfUr  and  aromatic  hydrocarbons. 

It  is  obvious  that  the  cloud  and  pour  points  of  the  samples  studied  depend  not 

•  only  on  the  content  of  solid  hydrocarbons  but  also  on  that  of  sulfur  compounds.  For 

•  example,  the  experimental  Diesel  fuel  with  NKZ,  containing  1.68%  solid  hydrocarbons 

•  and  1.252  sulfur,  solidifies  at  -19°C,  whereas  the  Diesel  fuel  per  VTU  488-53,  con- 
■  talning  0.842  wax  (after  Zalosetskiy)  and  almost  the  same  amount  of  aromatic  hydro¬ 
carbons  as  the  experimental  lUel,  but  also  containing  0.762  of  bound  sulfur,  solidi¬ 
fies  at  -13°C.  A  certain  influence  of  aromatic  hydrocarbons,  owing  to  the  presence 
of  a  field  of  force  which  apparently  influences  the  surrounding  substance,  is  also 
not  excluded.  This  may  be  noted  in  comparing  the  properties  of  Krasnokamsk  fuel 
•with  fuel  per  TU  305-42.  These  fuels,  which  have  almost  the  same  pour  and  cloud 

.  .  0  =°  ...  *•♦  .*•  '  /•..  V  ■■  .  .%  .  «  0  C  CC*  •  .  *  /  5., 

polnta,  contain  almost  equal  amounts  of  sulfUr  compounds  but  differ  considerably  in 
tent  of  solid  and  aromatic  hydrocarbons.  Apparently,  the  polar  sulfur  compounds 
fanatic  hydrocarbons,  like  the  asphaltie  substances,  favor  the  ap> 
of  globules  of  solid  hydrocarbons  and,  preventing  the  formation  of  a 
•stimetare,  retain  them  in  the!  fuel  in  the  suspended  state.  From  this  point  of  view, 
•It  cam  be  postulated  that  a  fuel  with  the  same  amount  of  solid  hydrocarbons  should 
•have  a  better  payability  through  pipes  at  higher  contents  of  sulfur  compounds  and 
aromatic  hydroearbona.  Obviously,  the  effeet  of  sulfur  compounds  is  greater  than 
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'that  of  tho  aromatic  hydrocarbons* 

| 

However*  plpa  pumping  quality  is  of  secondary  importance  in  Diesel  operation. 
It  is  far  more  important  for  operating  purposes  to  have  a  fuel  with  good  pumping 


*■  quality  through  the  filter  elements*  Diesel  fuels  produced  from  Eastern  crudes* 

i 

containing  an  appreciable  amount  of  solid  hydrocarbons  and  of  sulfur  compounds  and 
*  aromatic  molecules  that  favor  their  aggregation*  possess  a  poorer  lowteeperature 


'  pumping  quality  for  filter  elements*  The  experimental  evaluation  of  tho  pumping 
P  quality  of  sulfUr-bearing  Diesel  fuels, made  on  a  laboratory  stand  with  a  filter 
1  taken  tr cm  a  ZD-6  engine*  with  felt  filter  elements*  has  shewn  that  ths  pumping  of 
!i:  the  experimental  samples  falls  sharply  at  puaplng  tsmperatures  corresponding  to  tho 
H  eloud  point  of  tho  toot  samples*  On  this  stand*  wo  estimated  the  pressure  rise  in 


.  front  of  tho  filter  and  the  filtering  power  of  tho  filter  when  constant  pressure  was 
maintained  in  front  of  it*  The  experiments  showed  a  sharp  increase  in  pressure  be¬ 
fore  the  filters  and  a  decrease  In  filtering  power*  noted  several  minutea  after  the 
tsnperaturd  of  the  fuel  had  dropped  to  tho  eloud  point*  Figures  1  and  2  shew  the 
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i  result ■  of  th«  experiments. 
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In  iho  light  of  tho  above  it  is  not  without  interest  to  recall  certain  other 
features  of  sul Air-bearing  Diesel  fuels  that  have  recently  been  discovered.  In  sane 
cases,  after  prolonged  storage  of  sulfur-bearing  Diesel  fuels  in  tanks  and  reser¬ 
voirs,  at  temperatures  above  0°C,  a  layer  of  solid  porous  wax  was  found  floating  on 

i 

the  surface.  No  similar  phenomenon  was 
encountered  in  the  storage  even  of  culfur- 
-free  s isomer  fuels  with  a  considerable 
amount  of  solid  hydrocarbons. 

In  B.7.Losikov*s  opinion,  this  phe¬ 
nomenon  is  due  to  the  formation  of  con¬ 
glomerates  of  solid  hydrocarbons  on  drain¬ 
ing  the  cold  fUel;  such  conglomerates  are 
not  interconnected,  owing  to  the  influence 
of  the  sulfUr  compounds,  and  are  thus 
attracted  to  the  surface  by  the  air  en¬ 
trained  on  addition  or  removal  of  fuel.  _ 
The  conglomerates  of  solid  hydrocarbons 
floating  on  the  surface  freeze  at  a  low 

:  c  •••  ^  f.°c  *  e  <5  t  '■  °  "c  -  l'  0  . 

1/  c_o  0.  -  o 

temperature,  separating  the  fUel,  and  form 
a  solid  porous  cake  floating  on  the  sur¬ 
face.  A  preliminary  experimental  check 


Fig. 2  -  Curves  of  the  Temperature 
Dependence  of  the  Discharge  and 
Pressure  in  Pumping  Fuels  on  a 
laboratory  Pumping  Stand 

1  -  Diesel  fUel  per'GOST  47A9-A9; 

2  -  Dies  si  fUel  per  VTU  ASS-53; 

3  -  Diesel  fUel  from  Novo 

^Kujbjehev  refinery;  S  •  1.25*;  0 
-  -  -  Discharge,  Itr/kin; 

— —  Pressure  before 
filter,  kg/ern2 

a)  Pressure  before  filter,  eta; 

■  b)  Temperature,  °C;  c)  Die- 
charge,  ltr^aln 


performed  by  a  brief  blowthrough  of  the 


»  r  °  c  ’  «  \  t  «>■»  *  0  6  1  -q  J c  •  ,  ‘c~  ••  ‘  *  c  ce  c  “  -  ■  c  oe  t  c„  5- 

experimental  fUel  with  NKZ,  containing  1.65*  of  wax  (after  Zalosetekiy)  and  1.25*  of 
sulfUr,  which  had  been  cooled  to  -12°C,  followed  by  further  cooling  for  6-7  hrs 

.to  -20  and  -30°C,  showed  that  foam,  which  did  not  disintegrate  at  a  t opera tu re 

« 

of  ♦15°C,  collected  on  the  surface  of  the  fuel.  The  porous  mesa  removed  was  molted 
■and  examined  for  wax  (after  Zalosetekiy,  Bibl.l)  and  pour  point.  Wo  found  that  tho 
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wuc  after  Zalosetskly  in  the  melted  foam  was  4*6  times  as  high  as  its  content  In 
the  fuel,  and  that  the  pour  point  ranged  from  20  to  22eC  (the  pour  point  of  the  fuel 
ms  -19°C). 

Chemical  Stability 

'  * 

I 

The  chemical  stability  of  fuels  characterises  their  power  to  maintain  their 
composition  without  change  during  prolonged  storage  In  contact  with  air  under  vari¬ 
ous  climatic  conditions.  The  resistance  of  petroleum  products  to  the  action  of 
atmospheric  oxygen,  as  shown  by  many  Investigators  (Blbl.2  -  5)*  depends  on  their 
molecular  weight  and  chemical  composition. 

Ro  reliable  data  are  today  available  on  the  behavior  of  Diesel  fuels  of  varying 
chemical  composition  during  prolonged  storage,  in  various  holders  and  packages. 

To  elucidate  the  effect  of  the  concentration  of  organic  sulfur  compounds,  we 
ran  experiments  on  the  artificial  aging  of  sulfui'-bearing  Diesel  fuels  in  the 
presence  of  iron  and  copper.  The  kinetics  of  the  oxidative  processes  during  their 
initial  stage  was  investigated. 

Three  sasqples  of  Romashkin  gasoil  and  two  specimens  of  Tuynasy  gasoil  were 
oxidised.  To  elucidate  the  Influence  of  organic  sulfur,  it  was  necessary  to  have 
fuels  with  the  same  hydrocarbon  composition  and  different  content  of  sulfur  com¬ 
pounds.  For  this  purpose,  the  original  Romashkin  gasoil,  containing  0.62%  sulfur 
(sample  Vo.l),  was  twice  desulfUrised.  After  the  first  superficial  desulfurislng 
ever  silica  gel,  the  gasoil  contained  0.32t  sulfur  whereas  after  its  oxidation  by 
BjjO g  at  60°C,  followed  by  chromatographic  separation  of  the  oxidation  products,  it 
contained  no  sulfUr  (sample  Mo.3).  The  Twisty  specimens  were  straight-run  distil¬ 
lates,  erlginal  and  after  hydrofining.  The  original  distillate  contained  0.96% 
sulfur,  and  the  hydrofined  distillate  0.0A£.  Table  2  gives  the  characteristics  of 


--  the  gasoils  studied. 

*  *  The  samples  of  Romashkin  gasoil  were  oxidised  in  a  flow  plant  at  100°C  and  an 
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oxygen  flow  rate  .  of  6  ltr/hr  for  10  hrs.  In  all  cases,  two  parallel  oxidation 
experiments  were  run  under  the  sane  conditions.  Samples  (2-3  gn)  were  taken 
during  the  experiments  from  the  product  being  oxidised,  and  their  acid  numbers. 


Table  2 

Characteristics  of  Gasoils  Studied 


Physical  and  Chenical 
Properties  and  Chemical 
Composition 


Boiling  raiute,  °C  ....... 

Oenalty.eja  ... 

Refractive*  index,  nff  ... 
Actual  gum,  ngAOO  ml  ... 
Total  sulfur,  %  ••••••••• 


Rcaaahkin  Gasoil 
Spec laen  fio. 


ruymajy  Gasoil 
Specimen  No. 


Hydrogen  sulfide,  % 
Mereaptans,  %  ...... 

Sulfides,  %  . 

Bisulfides,  %  ...... 


Acidity,  mg  K0H/100  ml  .. 
Aromatic  hydrocarbons,  % 
Iodine  number  ••••••••••< 
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*  peroxide  numbers,  hjrdrojgrl  numbers,  and  saponification  numbers  were  potantiaoetri- 
' sally  determined  (Bibl.6,  7).  ..  e  -  ,<•  .v.  .  ’  „  ... 

.Kl  ,  .  '  °  *  -  V  C  *  c  «  -  C  C  C  <*.•  C  c-;  C  *•  ^  O  .  c°  o’ 

After  10  hrs  of  oxidation,  the  actual  gum  was  determined  in  all  samples.  The 


amnios  of  Tuymaxy  gasoil  were  oxidised  in  a  glass  bulb  at  100°C  at  an  air- flow 

•  rate  of  10  ltr/hr  for  1,  3*  6,  9,  and  12  hrs.  The  optical  density,  which  was  con¬ 
sidered  as  a  function  of  the  accumulation  of  asphaltic  substances,  was  measured  in 

•  O  °  c°  rf)  C:  o  c°  o°  o  o  0  %  c  c°  =  -  C i  6  -  e  o  -  C  c  -  C 

oxidised  specimens  by  a  photoelectric  colorimeter,  and  the  acidity  was  measured 
potent lomstrically.  Figures  3-7  fire  all  the  experimental  results. 


Ob  considering  the  cures  of  peroxide  accumulation  for  the  throe  samples  of 

rc  .  » 


w 
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Fig.3  -  Variation  In  Paroxlda  Numbers  with  Tint 

*  •  (S«a  Footnote  on  p*3l) 

i  -  X  and  In  -  Staple  with  0.6Z»  of  sulfur;  2  -  0.32*  sulfur; 

j  •  3  -  Desulfurlsod  staple 

^  a)  Paroxlda  msabar;  b)  Hours 

*  up  to  the  audjBua  which  occurred  after  8  hrs  of  oxidation.  Is  linear,  which  Is  not 
* -;a  characteristic  property  of  autocatalytic  processes. 

*  :  During  the  oxidation  of  staple  No. 2,  an  Inflection  In  the  curve  occurred  after 

-  e 

'*  -X  hr*  of  oxidation,  and  the  character  was  clearly  autocatalytic,  whereas  the  in- 
*■  '  crease  in  the  aaount  of  peroxides  after  U  hrs  of  oxidation  was  very  rapid. 

*  -  The  accunulatlon  of  peroxides  In  staple  No. 3  tikes  place  along  a  curve  Indies- 
t  ting  the  autocatalytic  course  of  the  process,  but  less  Intensely  than  during  the 

?  oxidation  of  saople  Ko.2.  During  aloost  8  hrs  of  oxidation,  the  absolute  quantity 

i  . 

f  of  peroxide  on  any  stage  of  the  oxidation  of  this  staple  was  less  than  during  the 

i  l - 

j  ;  *  Curves  la  In  Flgs.3  -  6  wore  obtained  by  shifting  the  points  of  the  axperlaental 
.curves  X  by  the  initial  values  (respectively)  of  the  peroxide,  acid,  and  hydroxyl 

J  'mothers,  and  the  saponification  numbers  deterained  In  saaplo  Ho.l  before  oxidation. 
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-  oxidation  of  tho  other  gasoil  (aanplss  Hos.l  and  2)*  To  judge  from  the  slope  of  the 

i 

cum,  the  Men  rate  of  acevmulatlon  of  peroxides  was  higher  in  sample  No. 3  than  in 

aamplo  No.l. 

If  organic  sulfur  has  antioxidant  properties,  then  the  increase  in  the  rate  of 
peroxide  accumulation  with  decreasing  sulfur  content  was  entirely  regular.  But  the 
•cause  of  the  difference  in  the  character  of  the  kinetic  curves  of  peroxide  accumula¬ 
tion  rcMins  unexplained.  For  example,  oa  oxidation  of  sample  No. 2  the  maximum 
Mount  of  peroxides  is  formed,  but  the  inflection  of  the  curve  takes  place,  not 
-after  8  hrs  as  in  sample  No.l,  but  twice  as  fast.  In  the  case  of  the  desulfurized 
kerosene  (sample  No. 3)  the  peroxide  accumulation  curve  has  no  Inflection  and  is 
considerably  flatter  than  the  curve  of  sample  No. 2.  The  peroxide  accumulation  eu*ve 
la  sample  No.l  is  not  of  autocatalytlc  character,  and  the  absolute  amount  of  perox- 
■  ides  during  almost  7  hrs  of  its  oxidation  is  higher  than  that  of  sample  No. 3.  To 
-explain  the  difference  in  the  kinetics  of  peroxide  accumulation  on  oxidation  of 
•  these  samples  of  gasoil,  the  following  considerations  may  be  proposed:  At  low  con¬ 
centrations  of  organic  sulfur  (sample  Ko.2)  peroxide  compounds  ars  formed  not  only 
by  oxidation  of  the  hydrocarbons,  but  also  by  oxidation  of  tho  sulfur  compounds. 
Subsequently,  at  a  certain  stage,  cn  decomposition  of  tho  primary  aoqrgen  compound 


•  of  organic  sulfur,  substances  are  formed  that  readily  react  with  the  peroxides  and 

-  -in  this  may  decrease  their  concentration.  If  the  sulfur  concentration  la  high,  than 
Hi  . 

°  '  <  the  formation  of  substance*  readily  reacting  with  the  peroxides  proceeds  rapidly, 

-and  their  concentration  la  sufficient;  consequently,  the  hydrocarbon  peroxides 
1 4 

formed  rapidly  react  with  thM  and  have  no  timo  to  accumulate  in  the  substrate.  In 

is  *  '  *  ‘  o*  .. 

ttio  case,  tho.  total  peroxide  con  cert  ration  la  the  resultant  of  two  processes.  The 

‘  4*»-  .  lL  •  *  ‘  *•  •  '  v  »  “  ■" 1  ■  *■  ■-  *=.  ■  •  o  ,.■<  c  ■  . 

latter  ease  may  be  observed  on  ecmparlng  tho  curves  characterising  the  peroxide 

W’  *  °  •  •  ‘  •  i  ft  •  ■  .  .  ,  .  ..  .  . 

O  O  -  c  *  “  °v-  O  °  °  0 

•aecmmalatlen  in  samples  Hos.l  and  2.  The  curve  of  the  peroxide  lumbers  for  sample 
No.3  has  no  noil asm,  which  is  entirely  mfcdssiblo  under  the  nild  conditions  of  a 

-  kriof  oxidation,  oven  in  tho  absence  of  antioxidants.  Tho  Mooth  rise  in  the  qusn- 

*  Mi-.  I 
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'  tity  of  peroxides  for  th«  desulfUrised  g&solls  In di cat as  tha  relatively  low  corrvar- 


1  eion  of  the  peroxides,  if  it  takes  place  without  interference  of  extraneous  factors* 
The  fact  that  the  rate  of  accumulation  of  peroxides  in  the  latter  case  is  higher 
than  during  the  oxidation  of  staple  No.l,  and  that  in  a  number  of  oxidation  stages 
.  their  absolute  value  la  lower  than  in  staple  No.l,  la  explained  by  tha  fact  that  in 

a 

!  saaqtles  Itoa.l  and  2  the  sources  of  peroxide  formation  are  the  hydroeart*.  i  and 


sulihr  compounds,  while  In  staple  No. 3  the  only  such  sources  are  hydrocarbons* 


lAV/tV  VUMlI 


.Wt'WMl-W-  •lin-*'  I 


As  will  be  seen  from  Fig.i,  the  acoaulation  of  add  aubatances  in  all  cases  is 


Fig*4  -  Kinetics  of  Variation  in  the 
Content  of  Add  Substances  in  Saa- 
plee  of  Gasoil  from  Romashkin  Cruue 
(See  Footnote  on  p*3l)t 

1  and  la  -  Specimen  with  0*622  of 
sulfUr;  2  -  0*322  St  3  -  Desul- 
fUrised  staple 


linear*  The  original  samples  Nos. 2 
and  3  had*  no  acidity  before  oxidation. 
The  acidity  of  sample  No.l  before 
oxidation  was  0*2  mg*  For  convenience 
of  comparison  of  the  kinetics  of  oxida¬ 
tion  of  these  samples  of  gasoil,  the 
ascend  curve  (la)  has  bens  constructed, 
with  the  original  value  of  the  add 
number  subtracted  from  all  values  of 
the  acid  nmbers  found*  The  slopes  of 
the  kinetic  curves  are  different*  The 
■Mllest  slope  is  formed  by  the  curve 


2,  the  intermediate  position  is  occupied  by  the  curve  of  desulArrlsed 


.gasoil,  while  the  highest  rate  of  formation  of  add  compounds  is  for  the  original 
gasoil*  Apparently,  the  cause  for  the  increase  in  acidity  found  on  oxidation  of 
.specimen  No.l  are  not  only  the  organic  adds  formed  as  a  result  of  the  oxidation  of 
hydrocarbons,  but  also  the  add  substances  formed  on  oxidation  of  elementary  sulfur 
and  of  organic  sulfur  compounds.  The  role  of  elementary  sulfur  is  distinctly  msni- 
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feeted  If  we  compare  the  kinetic  curve  of  the  original  and  desulfurized  Raaashkln 
and  TUymas; y  gasoils.  The  Tuymasy  aulfui^bearing  gasoil  (Fig. la)  (sample  No.4)  which 


Fig.Aa  -  Variation  in  Add  Number  of  Gasoil  from  Tuymasy  Crude 
before  and  after  Hydrofining 

4  -  Sample  before  hydrofining*  S  •  0.96i;  5  -  Specimen 
after  hydrofining*  S  *  0.0 UX 


20  .'did  not  contain  eleaMntary  sulfur*  had  a  lower  acidity  at  all  stages  of  oxidation 
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Pig.  5  *  Kinetics  of  Formation  of  Hydroiqrl-Contalnlng  Substances 
0  (See  Footnote  on  p.3l):  . 

.  1  and  la  -  3— pie  with  0,62%  S;  2  -  0.32$  S  j 

3  -  Oeenl  fUriaed  sample 

a)  Nydroaqrl  watiirt  b)  Boars 
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the  desulfurised  gasoil  of  sample  Mo.  5. 
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In  considering  the  kinetics  of  sconuLttion  of  hydrojqrl-contalning  substances 

•  (Fig. 5)*  our  attention  is  struck  by  the  radical  difference  in  the  kinetic  curve  of 

t  sample  No.l.  The  accusnlatlon  of  hydroxy  1-foming  substances  here  is  linear,  which 

|  indicates  a  retarding  process,  but  the  rate  of  their  formation  is  considerably 

* 

•  hitler  than  that  in  sample  No. 2. 

The  center  curve  (staple  No«3)  has  a  distinctly  autocatalytie  character.  The 

•  rate  of  formation  of  hydroxyl-containing  substances  on  oxidation  of  deaulfurlxed 

• 

•  gas  oil  in  the  last  analysis  becomes  the  highest  of  all. 

The  causes  of  this  phenomena  are  evidently  as  follows:  During  oxidation  of  the 

-  desulfurized  gasoil,  the  process  proceeds  autocatalytieally,  and  the  accumulation 
.of  hydrmqrl-contalnlng  substances  depends  only  on  the  process  conditions  and  the 

•  hydrocarbon  composition  of  the  test  gasoil.  The  addition  of  a  snail  quantity  of 

.  sulfU^>containing  compounds  modifies  the  character  of  the  conversion  of  peroxides. 
The  reaction  of  condensation  begins  to  predominate  over  the  reaction  of  decomposition, 

-  and  as  a  result  the  absolute  quantity  and  rate  of  accumulation  of  hydrojyl-contalning 

subetanees  decreases.  f 

■{  j  I 

’  At  considerable  quantities  of  sulfur  compounds,  especially  of  the  sulfide  type, 
.an  oxidative  decomposition  of  peroxides  (Blbl.10),  with  formation  of  hydroxyl- 

e 

•  containing  organic  molecules,  is  apparently  possible.  This  is  obviously  the  cause 

• 

•of  the  peculiar  character  of  aecxnulation  of  these  substances  during  the  oxidation 
of  gasoil  (sample  No.l).  It  must  be  noted  that  also  this  curve  should  be  shifted  in 


the  direction  of  the  abscissa  axis,  since  a 


quantity  of  hydrojyl-containlng 


1  substances,  which  we  at  first  neglected,  was  present  in  the  original  sample,  even 
I  .before  the  beginning  of  oxidation  in  the.reaetor. 


Saponifiable  substances  are  fotmed  to  a  considerable  extent  as  a  result  of  the 
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Interaction  of  aeld  and  hydroxy  1-con tain in*  substances.  It  ia  interesting  to  note 
that  the  character  of  the  curre  for  sample  No.l  (Fig.6)  is  to  acne  extent  connected 
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ri«.6  -  Kinetic  a  of  Variation  of  Saponifiable  Substances 
(Sea  Footnote  on  p.31): 

1  and  la  -  Specimen  with  0.622  3;  2  -  0.322  S; 

3  -  DesulfUrised  sample 


a)  Saponification  value;  b)  Hours 
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.with  the  character  of  the  curve  of  the  hydroxyl  numbers  for  the  same  gasoil.  The 
linear  character  of  the  curve  of  accumulation  of  hydroxyl-containing  substances 
exerts  an  influence  on  the  form  of  the  curves  of  accumulation  of  the  saponifiable 
Mbstances.  Apparently  here,  too,  the  role  of  the  acid  compounds  formed  during  cud. 
datlon  of  various  compounds  is  not  excluded.  It  is  precisely  for  this  reason  that 
the  tetal°  quantity  of  saponifiable  substances  is  maximum  for  all  oxidation  stages  o 
Ko.l.  The  retardation  of  the  reaction  of  decomposition  of  the  peroxide  cae- 


poends  due  to  the  sulfur  compounds  during  oxidation  of  sample  No.2,  which  led  to  a 


54  4 

-'lamer  content  of  acid  and  hydrojqrl  compounds  than  in  samples  Moe.l  and  3,  should 

r.d-  .  * 


M  vci-yn/1 
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~j naturally  lead  to  lower  velocities  in  the  formation  of  saponifiable  substances  dur- 

!  ing  the  oxidation  of  gasoil  No. 2  than  during  the  oxidation  of  samples  Kos.l  and  3* 

t  . 

The  kinetics  of  aecunulation  of  saponifiable  substances  during  the  oxidation  of 

'•  . 

the  deaulfurixed  gasoil  No.3  depends  only  on  its  hydrocarbon  content  and  is  directly 

K  . 

.  related  to  the  character  of  the  aecunulation  of  acid  and  hydroxyl-containing  sub- 

"  i 

1  stances  during  oxidation. 


Cum  Formation 


The  kinetics  of  gum  formation  daring  the  oxidation  of  Romashkin  gasoil  was  not 


Investigated,  owing  to  the  lack  of  a  simple  and  reliable  micro-method  of  determining 

Table  3 

Actual  Gum  in  Original  and  Oxidised  Samples  of  Romashkin  Gasoil 


Actual  Cum. 
Specimen  ■g/100  al 

«o.  Before  After 

Oxidation  Oxidation 


l.(S  -  0.62*)  34 

*2  (S  •  0.32*)  none 

3  (desulfur-  none 
imed) 


'the  condensation  products;  nevertheless,  after  oxidation  of  the  substrate,  we  did 


-investigate  the  actual  gun  (cf.  Table  3)*  Xt  was  found  here  that  the  maximum  amount 

• 

•of  gtae  was  formed  in  gasoils  containing  sulfur  compounds.  This  latter  clreisutancs 
-■was  manifested  with  particular  distinctness  in  considering  the  kinetic  curves  of 
-variation  in  the  optical  density  of  sulfUr-bearlng  and  desulfurlxed  Tuyaagy  gasoils 
-(flg.7).  ! 

S’ 

-j  Bhde^  relatively  nlld  oxidation  conditions,  the  gin  formation  in  gasoil  contain- 
-•lag  0.04*  sulfur  was  very  rapidly  retarded  and  practically  failed  to  proceed  at  all 
'during  9  hrs  of  oxidation.  On  the  other  hand,  the  sulfur-containing  gasoil  progress 
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•sively  accumulates  gin my  substances.  Taking  due  cognisance  of  the  presence  of  a 

i 

certain  amount  of  gun  in  the  original  Ronashkin  gasoil,  we  uj  consider  that  the 

relatively  snail  aaount  of  sulfur  coo- 

41. - - - - - 

^  r*  ’  pounds  (0.3Zf)  effectively  favors  the 

g* _ >  'l _ ___  process  of  conversion  of  the  peroxides, 

A)  ( |  ^  which  Is  directed  toward  condensation 

and,  consequently,  also  toward  gum  forma- 

Jr  1  tion* 

t  3  t  t  n 

b)  Starting  out  fren  this.  It  is  pos- 

Flg.7  -  Kinetics  of  Variation  of  Opti-  slble  to  postulate  that  thsre  should 
cal  Density  of  Gas  Oils  fra  Tuyaaxy 


exist  a  "threshold1*  of  sulfur  concentra¬ 
tion,  which,  when  exceeded,  no  longer 
leads  to  effective  gun  formation.  On  the 
other  hand,  apparently,  for  the  develop- 


it  of  processes  of  gun  formation,  a 


Crude  before  and  after  Hydrofining 
on  their  Oxidation 

U  -  Fuel  before  hydrofining;  5  -  Fuel 
after  hydrofining 

a)  Optical  density;  b)  Hours 


high  concentration  of  sulfur  compounds  is  not  necessary,  and  all  that  is  necessary 
is  that  their  content  shall  be  sufficient  to  interact  with  moat  of  the  peroxide  com¬ 
pounds  formed  during  oxidation  of  the  hydrocarbons.  ! 

*  «  o  0  c  '•» ,  &  ,  O-  0  ,  "  c  •  C  °  °  c  e  L  c  *  C.  6  =  c  to.  o  «  0  bo 

, .  i  “  °  ■  ’  <■  c  '  c  c  °  C  e  '  “  v 

Hence  it  is  clear  that  the  value  of  the  "threshold"  of  gun  formation  for  the 
•concentration  of  sulfur  confounds  is  dependent  on  the  hydrocarbon  composition  of  the 

**  "■  ,  °r  '  e  °  <?  c°°  o®  ‘  »C»°  f%  >/o\  c°c  °  0  °0  C  Co  -■  I  V  c  C°  O  c  o  C  Co°o  %o  *  •  '  c  C  C-  c  C  "  i°  ••  \ 

gasoil  under  study  and  undoubtedly  also  on  the  structure  of  the  sulfur  compounds. 


In  connection  with  the  literature  considerations  on  the  antioxidant  action  of 
gum-like  substances,  it  is  expedient  to  evaluate  their  influence  on  the  kinetics  and 
•character  of  the  oxidative  process. 

From  a  comparison  of  the  kinetic  curve  obtained  by  oxidation  of  ssnple  Nos.l 
•and  2 ,  and  the  amounts  of  actual  gum  determined  in  the  oxidised  saaples,  it  will  bo 


MCL-579A 


J  clear  that  the  tad  aim  amount  of  products  of  oxidative  decomposition  appaar  in  the 

i  gum-containing  sample  N'o.l,  and  the  actual  gum  found  in  the  degianed  and  oxidisea  . 

i 

sample  No.2  seen  exceeds  that  of  the  newly  formed  gum  in  the  oxidised  seaple  No.l. 

• 

At  the  same  time,  a  comparison  of  the  results  during  the  oxidation  of  the  de- 

.  gamed  samples  Nos. 2  and  3  (sulfur- containing  and  sulfur-free,  respectively)  can- 

I 

i  vincingly  shows  the  influence  of  sulfur-bearing  substances,  but  not  of  gvau,  on  the 
■  kinetics  of  decomposition  of  peroxides  and  the  process  of  accumulation  of  condensa- 
.  tion  products. 

i  These  data  prove  that  the  gum-like  substances  in  the  original  gasoil  have  no 
.substantial  influence  on  the  character  and  kinetics  of  oxidation  of  that  gasoil. 


Conclusions 

1.  It  has  been  established  that  sulfur  compounds  prevent  the  autocatalytic 

l'*i  . 

.  development  of  the  oxidative  process. 

L’H  _ 

2*  The  "antloXLdatlvcP  functions  of  sulfur-containing  compounds  consist  in 

30 

their  Interaction  with,  and  in  the  products  of  their  oxidation  by,  peroxide  radicals 

32 

.  .or  hydroperoxides  of  hydrocarbons. 

:m  '  i 

3.  By  preventing  the  deccmpoeitlon  of  peroxides  by  the  free  radicals,  and,  con* 
3M-i  i 

_  ssquently,  the  development  of  oxidative  chains,  the  sulfur  compounds  accelerate  the 

3d_ 

-  processes  of  oxidative  polymerisation  and  condensation,  as  a  result  of  which  gum- 

l«-  i 

.like  substances  accumulate.  A  high  concentration  of  sulfur  expounds  is  not  re- 

*•» 

Bee  9 

-  .paired  for  an  lntanse  accumulation  of  such  gum- like  substances.  The  amount 

14  , 

]  -.of  "sulfur"  in  gasoil  that  is  permissible  from  this  point  of  view  depends  on  the 

It*  . 

.  .chemical  structure  and  relative  quantities  of  the  sulfur  compounds  containing  it  and 

H  ;  •  l 

|  -Jen  the  chemical  ccmpeaitlon  of  the  gasoil  being  oxidised. 

j  -  j.  4*  Sulfur  ccmpounde  at  low  concentration  prevent  the  formation  of  acid,  hydrcaqrl- 


|  .  containing,  and  saponifiable  substances  which  are  due  to  the  oxidative  decomposition 
4  -  .'of  peroxides.  The  optimum  concentration  of  "total  sulfur"  that  will  prevent  an  ac- 


r 


O 


H 

1«» 

i:* 

i< 

Irt 

H 

KM 

24 

I'li 

•JH 

1  30 

t  32 

.14 
36 
:W 
40 
42 
44 
4U 
4» 
.V) 

<  52 

54 

/ 

!Wi. 

56 

6*1. 


— jetmulatlon  of  these  substances  deponds  on  the  chemical  structure  and  relative  amounts 
of  the  sulfur  compounds  composing  it  and,  apparently,  on  the  chemical  composition  of 
the  gasoil  being  oxidised. 

5.  The  gut-like  substances  contained  in  the  original  Rcmashkin  gasoil  are  not 
antioxidants,  and  have  no  substantial  effect  on  the  character  or  kinetics  of  its 
] oxidation. 

6*  The  results  obtained  indicate  the  need  for  deep  extraction  of  the  sulfur 
compounds  from  the  kerosene-gasoil  fractions.  To  obtain  optima  results,  not  only 
on  gun  formation  but  also  on  acidity,  however,  it  is  apparently  necessary  to  leave 
a  small  aamunt  of  sulfur  compounds  in  the  gasoils.  The  optimum  quantity  of  "favor¬ 
able  and  preventive  sulfur"  should  first  be  established  for  a  petroleum  product  to 
be  hydrofined. 

7.  The  presence  of  sulfur  compounds  in  wa aqr  petroleum  products  favors  a  de- 
e  in  the  temperature  of  structure  foraation. 
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15  j  autaUcOi  Which  is  it  thet  effects  the  foliation  of  e  vex  layer  on  the  surfece  of 

e 

in  ,e  fWel,  the  presence  of  sul/Ur  compounds,  or  the  chenieel  cceq»aition  of  the  hydro- 
20  cartoon  pert  of  the  Aiel? 

—  AMM*Ce  We  cen  give  only  e  preliminary  enswer,  since  this  question  needs  farther 
.  study.  We  did  find  thet  emetic  hydrocarbons  exert  an  Influence,  although  to  e 
2«  ! looser  degree  than  sulifer  ccopounds. 


